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This paper reviews and presents various durability properties of strain hardening fibre 
reinforced cementitious composites (SHFRCC). Published research results show that, due 
to its tight crack width properties compared to ordinary concrete and ordinary fibre 
reinforced concrete, SHFRCC significantly resists the migration of aggressive substances 
in to the concrete and improves the durability of reinforced concrete (RC). It is also 
reported that, due to the strain hardening and multiple cracking behaviours, SHFRCC 
meets the tight crack width limits for durability of RC structures proposed by different 
design codes. Based on the reviewed durability properties it is argued that SHFRCC 
materials can be used in selected locations of RC structural members to improve their 
overall durability performances. 
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Numerous reinforced concrete (RC) structures are deteriorating worldwide. Many 
RC structures deteriorate long before their design service life and it is estimated that the 
average service life of RC structures can be as short as several decades [1]. Ordinary 
concretes are quasi-brittle with low tensile strain capacity resulting in the formation of 
cracks in the RC structures either under mechanical service loads or climatic loads or 
both. The cracks that form in such RC structures are wide enough for the deteriorating 
substances, such as chloride ions, to reach the steel reinforcement resulting in corrosion 
initiation. The durability of RC structures is also affected by other factors, such as 




Over the last couple of decades, there has been a growing interest among 
researchers to develop strain hardening fibre reinforced cementitious composites 
(SHFRCC) containing randomly distributed short fibres of relatively low volume 
fractions. Engineered cementitious composites (ECC) are one of the most significant 
developments in the field of SHFRCC. ECC is ultra ductile cement based composites 
reinforced with short random fibres (metallic and/or nonmetallic) which exhibit strain-
hardening and multiple-cracking behaviors in uni-axial tension as well as in bending [2-5, 
7-8, 10-12]. It is a strain hardening type of fibre reinforced cementitious composite that is 
microstructurally tailored based on micromechanics [3-5, 10-12]. ECC typically has 
tensile strain capacity of more than 3%, with spacing between multiple cracks at 
saturation less than 3 mm and maximum crack width less than 100 micrometers. 
Microstructure optimization allows ECC to be made with fibre content less than 2% by 
volume. Ductile fibre reinforced cementitious composites (DFRCC) is another class of 
SHFRCC that exhibit multiple cracking behavior in bending [6,8,9] as defined by the 
Japan Concrete Institute committee on DFRCC [13].   
SHFRCC has higher fracture resistance capacity than that of ordinary concrete 
and regular fibre reinforced concrete. An important feature of SHFRCC composites 
exhibiting strain hardening and multiple cracking behaviour is the increase of post-
cracking strength beyond first crack strength accompanied by the development of closely 
spaced multiple cracks. SHFRCC containing mono fibres [2-5] and hybrid fibres have 
also been developed [6-9]. SHFRCC exhibits superior crack width and spacing control in 
the pseudo strain-hardening phase, as depicted in Fig. 1. A typical example of multiple 
cracking of SHFRCC in uni-axial tension is shown in Fig. 2. Superior tensile strain 
hardening response of ECC can be engineered by tailoring the composite ingredients with 
the aid of micromechanically based formulations [5, 7, 10-12].  
This paper reviews and presents some of the most important durability properties 
of the SHFRCC materials, such as crack width control, permeability in cracked state, 
corrosion resistance, freeze-thaw resistance, performance in hot environments, shrinkage 





Crack width control and durability of SHFRCC 
 
The durability of RC structures can be enhanced by controlling the width of the 
crack. Load and environmentally-induced cracks are inherent in RC structures. The crack 
width in RC flexural members scales with the square root of concrete cover thickness 
[14]. Therefore, the width of exposed cracks increases as the cover thickness increases. 
Attempts to reduce the crack width by reducing the concrete cover thickness will lead to 
much worse corrosion, as it becomes easier for corrosive substances to penetrate and 
reach the reinforcement through the smaller cover of concrete material. Current design 
codes [15-18] limit the crack width in RC structures for corrosion protection. A summary 
is given in Table 1. The crack width limits for an aggressive environment are so low that 
they are generally difficult to achieve in practice using common reinforcing steel and 
conventional concrete due to the incompatible tensile deformation of concrete with steel 
in RC as shown in Fig. 3(a). For the case of reinforced SHFRCC numerous multiple 
cracks of small width are formed due to its strain hardening behaviour and compatible 
tensile deformation with steel (Fig. 3(b)). The cracks that form are small in width and will 
satisfy the crack width limit for durability imposed by the design codes. The addition of 
fibres in the concrete to reduce the crack width is a widely used method. The reduction of 
crack width in RC beams using the steel fibres is reported by Balazs and Kovacs 
[19].Lawler et al. [20] also reported the significant reduction of crack width due to the 
addition of micro and macro fibres in the concrete. 
Control of crack width using SHFRCC has been demonstrated by several 
researchers. The earliest report of crack width measurement is by Maalej and Li [21], 
where polyethylene fibre reinforced ECC is used to replace the concrete that surrounds 
the main flexural reinforcement in a RC beam. It is shown that the maximum crack width 
in the beam under service load can be limited to values that are difficult to achieve using 
conventional steel reinforcement and commonly used concrete. In their study the average 
crack width under service load in the ECC layer at the bottom of the beam was found to 
be 0.10 mm (Fig. 4). Average crack width of about 0.060 mm in ECC containing 
Polyvinyl Alcohol (PVA) fibres in uniaxial tension are also reported by Li et al.[4]. Other 
studies that included crack width measurements were reported by Weimann and Li [22] 
and Wang and Li [23]. In all of these studies PVA fibres were used and the average crack 
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width of about 0.060 mm is achieved. The above results clearly show that the cracks that 
form in the SHFRCC under service load are small enough to resist the penetration of 
aggressive substances and the durability of RC structures can be enhanced greatly using 
this material. 
Permeability characteristics of cracked SHFRCC 
 
High permeability, due to porosity or cracking, facilitates the ingress of water, 
chlorides, and other corrosive agents. If such agents reach reinforcing bars within the 
structure, bar corrosion can occur thus compromising the ability of the structure to 
withstand loads. Reinforcing fibres significantly reduces the water permeability through 
the modification of crack topography. The study by Tsukamoto and Worner [24] 
indicated that the fibres in the concrete reduces the flow rate at a given crack width and 
increases the critical crack width below which no further flow occurs. Improved 
resistance against permeability of cracked steel fibre reinforced concrete and mortar over 
cracked ordinary concrete/mortar is also reported by Lawler et al. [25] and Rapoport et al. 
[26].   
Most of the design codes recommend limits for allowable maximum crack width 
in the RC as a function of exposure conditions, the limits for aggressive environments are 
unrealistic when considering costs and available resources of conventional practice of 
ordinary RC. Although cracking in concrete structures cannot be completely avoided, 
more effective means to control cracking in the RC members must be attempted in order 
to prevent excessive permeability. Since the permeability significantly influences the 
deterioration of concrete, evaluation of permeability in cracked SHFRCC is a key factor 
to describe the durability performance of given materials. The tight crack widths of 
SHFRCC under load of below 60-100 micrometers points to its superior resistance 
against permeation.  
Lepech and Li [27] studied the water permeability of cracked SHFRCC and 
reinforced mortar specimens. When subjected to identical tensile deformation, the 
SHFRCC and the reinforced mortar specimens exhibited very different cracking patterns 
and widths. The cracked SHFRCC exhibits nearly the same permeability as sound 
concrete, even when strained in tension to several percent (Fig. 5). Note that both the 
SHFRCC and reinforced mortar specimens were stretched in tension to identical 
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deformation (1.5% tensile strain) resulting in a variety of crack widths and number of 
cracks among various specimens. The SHFRCC specimens showed closely spaced 
microcracks with crack widths of approximately 0.060 mm, while reinforced mortar with 
varying reinforcement ratios showed crack widths ranged between 0.150 mm and over 
2.5 mm. The permeability of these cracked materials was then determined under 
hydraulic head. As can be seen in Fig. 6, there is a dramatic rise in permeability with 
increasing crack width. Further, when normalized by number of cracks within the 
specimen, the comparable permeability of cracked SHFRCC with sound material 
becomes more apparent.  
 
In another study, Martinola et al. [28] evaluated the water permeability of cracked 
and uncracked SHFRCC by water absorption test. In their study, the amount of water 
taken up by capillary suction was determined on cubes cut out from the middle section of 
the beams which were subjected to four point bending test. Maximum crack width in the 
cracked SHFRCC specimens was found to be about 0.10 mm and cracked SHFRCC 
exhibited very low water absorption coefficient.  
No systematic study of chloride permeability of cracked SHFRCC has been 
performed to date. However, comparative tests on steel reinforced concrete or mortar 
beams (R/C or R/mortar) and steel reinforced SHFRCC (R/SHFRCC) beams were 
performed by Maalej et al. [29] and Miyazato and Hiraishi [30]. Maalej et al. [29], 
measured the chloride contents in concrete and SHFRCC by collecting concrete powder 
at the level of reinforcement in cracked concrete and SHFRCC beams. The bottom half of 
all beams in their study were submerged in water containing 3% NaCl (by wt.) and were 
subjected to cyclic wetting and drying for about 83 days. The results showed that the 
chloride content in the SHFRCC beams was much lower (about 4 times lower) than that 
of the RC beam. Miyazato and Hiraishi [30] also reported experimental results on the 
measurement of chloride penetration depth in small scale cracked R/mortar and 
R/SHFRCC beams. The beams were subjected to accelerated chloride exposure 
conditions (with 3.1% NaCl by wt.), with alternating wet and dry cycles for 28 days. 
Results showed that, in the case of the R/mortar beams, the chloride penetration depth 
was approximately 80-100 mm depending on the w/c ratio of the mix (Fig. 7). In the case 
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of the R/SHFRCC beams, the chloride penetration occurred at multiple locations 
corresponding to where the multiple cracks were formed during the pre-load (Fig. 7). 
However, the penetration depth was much shallower, between 0 and 20 mm in 
R/SHFRCC beams (Fig. 8). Similar results were also reported in the case of carbonation 
penetration into the cracked R/SHFRCC beams (Fig. 8) [30].  
In another study, Ogawa et al. [31] studied the chloride ion penetration resistance 
of beams made with ordinary concrete and SHFRCC.  Both specimens were cured under 
water for 38 days and were soaked in artificial sea water containing 1.8% chloride ion 
concentration for 30 and 60 days. Test results showed that in the case of ordinary 
concrete specimens the chloride ion concentration was about 0.04% after 60 days of 
soaking, whereas in the case of SHFRCC specimens the chloride ion concentration was 
only 0.005%, about 10 times lower than that of ordinary concrete.  The above results on 
the permeability of SHFRCC show that it has very low water and chloride permeability.  
In addition to the low water and chloride permeability of cracked SHFRCC 
described above, the small width of these multiple microcracks has the potential to 
promote self-healing. For example, Edvardsen [32] showed that the dominant factor for 
promoting self-healing in concrete is a small crack width. Preliminary observations on 
self-healing tendency of the cracked SHFRCC specimens subjected to cyclic wetting and 
drying regimes are reported by Yang et al. [33] (Fig. 9). The expected self-healing ability 
of cracked SHFRCC will further enhance the durability of RC structures built with such 
materials. Systemic study of this phenomenon in SHFRCC is required to confirm this 
trend. 
In reality, however, RC structures under mechanical loads are often subjected to 
the environmental influences. Since the crack width may be closed after unloading, 
permeability test needs to be done under sustained loads particularly under strain 
hardening stage in SHFRCC.  SHFRCC is often made with cement rich mix-proportions 
and shrinkage cracking easily occurs at the early ages.  Shrinkage cracking may have 
some different geometry from that under mechanical loading.  Although in the restrained 
shrinkage tests the crack widths of this material was found to be small enough to resist 
the permeation of aggressive substances, however, permeability of damaged SHFRCC 
due to shrinkage cracking should also be studied.  
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Corrosion resistance of SHFRCC 
 
Corrosion of reinforcing steels is considered as the main cause for the 
deterioration of RC structures world wide. The use of fibres in reinforced concrete has 
exhibited improved corrosion resistance in several studies [34-38]. In a study by Shui and 
Stroeven [34], the corrosion rate of steel bar in carbon fibre reinforced concrete reduced 
with increase in fibre contents. However, after a certain fibre content the corrosion rate 
increased with increase in fibre contents. Improved corrosion resistant of carbon fibre 
reinforced concrete is also reported by Hou and Chung [35]. Sanjuan et al. [36] reported 
improved corrosion resistance of polypropylene fibre reinforced mortars over ordinary 
mortars. Other studies have indicated significant improvement of corrosion resistance of 
polypropylene fibre reinforced concrete over ordinary concrete [37-38]. 
Due to the strain hardening behaviour and fine multiple cracks the SHFRCC 
exhibits better corrosion resistance than that of ordinary concrete. In 1995, Maalej and Li 
[21] proposed a more promising approach to address the problem of corrosion durability 
in RC structures using SHFRCC.  Their study [21] introduced a concept of functionally-
graded cementitious composite (FGC) beams, in which the bottom layer of the beam 
including the part surrounding the main flexural reinforcement was cast with the 
SHFRCC. It was suggested that the SHFRCC material in the FGC beams could provide 
two levels of protection. First, it could prevent the migration of aggressive substances 
into the concrete, therefore, preventing reinforcement corrosion. Second, in the extreme 
case when corrosion initiates, accelerated corrosion due to longitudinal cracks would be 
reduced if not eliminated and spalling and delamination problems common to many of 
today’s RC structures would be prevented. This was expected due to the high strain 
capacity and fracture resistance of the SHFRCC material. Later, Maalej et al. [29] 
evaluated the effectiveness of the proposed concept through experimental study in 
retarding the corrosion of reinforcing steel and to reduce the tendency of the cover to 
delaminate in the FGC beams containing SHFRCC layer.  The FGC beams exhibited 
lower level of steel loss and longer time to achieve the same level of steel loss than RC 
beam (Fig. 10). The FGC beams also exhibited no corrosion induced cracks/damage as 
indicated by the lowest tendency of the cover concrete to delaminate measured by an 
embedded fibre optic strain sensor (FOSS) gauge (Fig. 11). In a study reported by 
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Miyazato and Hiraishi [30] negligible corrosion of steel in cracked R/SHFRCC beam is 
observed compared to high macro and micro-cell corrosion at the location of cracks in a 
R/mortar beam (Fig. 12). 
While SHFRCC showed superior protection of steel against corrosion in RC, only 
one study evaluated its potential against corrosion induced cracking and particularly 
against spalling/delamination of cover concrete in the RC beams. In the study by Maalej 
et al. [29] resistance of SHFRCC against spalling/delamination of cover concrete was 
evaluated only under 10% calculated steel loss (Note that the actual steel loss in the beam 
was much less than the calculated value). Therefore, the resistance of SHFRCC against 
spalling/delamination of cover concrete under heavily corroded reinforcing bars in RC 
beams need to be evaluated to confirm its potential.  
 
Resistance of SHFRCC against freeze and thaw durability 
 
One of the most damaging environmental conditions to reinforced concrete is 
cyclic freezing and thawing in cold regions. Damage induced by frost action into concrete 
coarsens the pore structure and as a consequence rate of carbonation and chloride 
penetration accelerate considerably [39]. The volume expansion of pore water in the 
concrete during freezing also cause the RC structures to crack and the subsequent use of 
deicing salts to thaw the ice cause the reinforcing steels to corrode rapidly. The 
effectiveness of SHFRCC for improved durability against freezing and thawing has been 
evaluated by limited number of researchers. Lepech and Li [40] evaluated the durability 
of SHFRCC and ordinary concrete upto 300 freeze-thaw cycles. In their study, SHFRCC 
and normal concrete prism specimens (both without air entrainment) were subjected to 
cyclic freeze-thaw testing over 14 weeks. Results showed that after 5 weeks (110 cycles), 
the concrete specimens had deteriorated severely. However, all SHFRCC specimens 
survived 300 cycles with no degradation of dynamic modulus. This performance resulted 
in a durability factor of 10 for concrete compared to 100 for SHFRCC, as computed 
according to ASTM C666 [40]. It should be noted that in that study this high durability 
was achieved without deliberate air entrainment into the SHFRCC. In addition uniaxial 
tension tests were also performed on wet cured and freeze-thaw exposed SHFRCC 
specimens, and no significant drop in strain capacity was observed even after 300 cycles. 
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Superior freeze-thaw durability of SHFRCC specimens over ordinary concrete was also 
reported by Ogawa et al. [31]. In their study both SHFRCC and ordinary concrete 
specimens were also subjected to 300 freeze and thaw cycles. After every hundred cycles 
dynamic modulus of elasticity of SHFRCC specimens was measured and negligible 
reduction in the dynamic modulus of elasticity in SHFRCC was observed even after 300 
cycles.   Four point bending tests were also performed on wet cured and freeze thaw 
exposed SHFRCC specimens and no significant drop in flexural strength capacity was 
reported even after 300 cycles. 
 
Behaviour of SHFRCC at elevated temperatures  
 
In contrast to freeze thaw tests discussed earlier, which are designed to simulate 
temperature changes in cold weather, hot water immersion tests on SHFRCC specimens 
were also conducted to evaluate their long term performance in hot and humid 
environments. To examine the effects of environmental exposure, hot water immersion 
was performed by Li et al. [41] on individual PVA fibres, single fibres embedded in 
SHFRCC matrix, and composite SHFRCC material specimens. After 26 weeks in hot 
water immersion (600C), little change was seen in fibre properties such as fibre strength, 
fibre elastic modulus, and elongation. Interfacial properties, however, experienced 
significant changes, particularly between 13 and 26 weeks of immersion. During this time, 
the chemical bonding between PVA fibre and matrix strengthened, while the apparent 
strength of the fibre dropped (Fig. 13). This change in interfacial properties resulted in a 
drop of ultimate strain capacity of the PVA fibre reinforced SHFRCC specimens. The 
strain capacity of the SHFRCC dropped from 4.5% at early age to 2.75% after 26 weeks 
of hot water immersion (Fig. 14). While accelerated hot weather testing does result in 
lower strain capacity of SHFRCC, the 2.75% strain capacity, over 250 times that of 
normal concrete, is still acceptable for nearly any repair/retrofit application [41]. In a 
separate study, Horikoshi et al. [42] soaked PVA and alkali resistant (AR) glass fibres 
into hot (800C) and high alkaline water for two weeks. No reduction in tensile strength of 
PVA fibres were observed after two weeks, whereas significant reduction in tensile 
strength of AR glass fibres were reported in their study. PVA and AR glass fibres 
reinforced mortar specimens were also soaked in 600C hot water for 28 days in their 
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study. PVA fibre reinforced mortar specimens did not show any significant reduction in 
modulus of rupture value whereas AR glass fibre reinforced mortar specimens exhibited a 
reduction of about 30% of its initial modulus of rupture value (Fig. 15).  
 
Resistance of SHFRCC against shrinkage cracking 
 
Shrinkage is one of the major origins of crack formation in RC structures. Due to 
the strain hardening and multiple cracking behaviour the SHFRCC behaves differently 
under restrained shrinkage compared to ordinary concrete. The restrained shrinkage 
behaviour of SHFRCC was examined by several researchers through ring tests. Weimann 
and Li [22] evaluated the restrained shrinkage of SHFRCC by ring test. Their results 
showed that due to the high cement content higher free shrinkage deformation was 
observed in SHFRCC compared to normal concrete. However, restrained shrinkage tests 
show that although hygral deformation of SHFRCC is higher, the crack widths in 
SHFRCC remain below 0.050 mm (cured at constant 50% relative humidity for 100 days), 
compared to concrete crack widths of approximately 1 mm (Fig. 16). This is achieved 
through the microcracking of SHFRCC, allowing the shrinkage deformation to be 
distributed over a large number of small cracks, while all shrinkage deformation in 
concrete localizes at a single crack.  
Wittmann et al. [43] also evaluated the restrained shrinkage behaviour of 
SHFRCC and ordinary mortar using ring tests. Results showed that, in the case of 
ordinary mortar a single crack was formed with a maximum crack width of 8.5 mm. In 
contrast about 10 cracks were observed in SHFRCC ring specimens with maximum crack 
width in the range of 0.05 mm to 0.11 mm (Fig. 17) (depending on fibre volume 
fractions). In an another study, Martinola and Bauml [44] evaluated the restrained 
shrinkage induced cracking of SHFRCC and ordinary mortar in reinforced beam test. In 
their study, 1 m long RC beams of 150x150 mm in cross-section were cast using 
SHFRCC and ordinary mortar. In the case of RC beam containing ordinary mortar eight 
vertical cracks were formed with a maximum crack width of 0.16 mm. In contrast about 
16 cracks were observed in RC beams containing SHFRCC with a maximum crack width 
of 0.05 mm.  
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Recently, Ahmed et al. [45] also evaluated the restrained shrinkage cracking of 
light weight hybrid fibre SHFRCC against shrinkage induced cracking. Ring specimens 
were used in their study. Two types of light weight hybrid fibre SHFRCC are considered. 
Results showed the multiple cracks, as many as 49, in light weight hybrid fibre SHFRCC 
specimens compared to a localized single crack in one type of premix mortar specimen 
(Premix mortar-II) and about six cracks in another type of premix mortar specimen 
(Premix mortar-I) (Fig. 18). At the end of the shrinkage tests, the final crack width in the 
premix mortar-II specimen was about 1.4 mm (Fig. 19). In case of Premix mortar-I, the 
width of almost all cracks was more than 0.25 mm. However, the scenario was quite 
different in the light weight hybrid fibre SHFRCC, where the width of almost all cracks 
was less than 0.15 mm.  
 
Behaviour under combined mechanical and environmental loads 
 
Another important factor for the durability study of RC is the similarity of the test 
conditions to the real situation of concrete structures.  RC structures in the field often 
experience combined mechanical and environmental loading during their service life. The 
durability properties of SHFRCC were not only evaluated in the laboratory but its 
durability was also evaluated in the filed under combined loads. Lepech and Li [40] 
reported a field durability study of SHFRCC where one section of a deteriorated bridge 
deck was repaired with the SHFRCC while the remaining portion was repaired with a 
commercial concrete patching material. This repair scenario allowed for a unique 
SHFRCC/concrete comparison subjected to identical environmental and traffic loads. The 
concrete repair material used was a pre-packaged mixture of Portland cement and plaster 
of Paris [40]. After 4 months of winter exposure in Michigan, USA, a number of small 
microcracks, each roughly 0.050 mm wide, were formed within the SHFRCC patch 
repair, while the crack observed in concrete patch repair shortly after casting was 
widened to 2 mm and was surrounded by deteriorated and spalling concrete. After 30 
months, the maximum crack width in SHFRCC was still 0.050 mm, while sections of the 
concrete patch were severely deteriorated. The development of crack width over time in 





Available test data and field results indicate that SHFRCC exhibits excellent durability 
properties. The strain hardening and multiple cracking behaviour, together with very 
small crack width properties, provide very low water and chloride permeability, which 
retards the onset of corrosion of reinforcing steel in RC and reduces the potential 
corrosion rate. The higher strain capacity and fracture resistance of this material over 
ordinary concrete also enable it to reduce the corrosion induced damage. The same 
properties lead to superior performance with respect to other durability concerns, such as 
restrained shrinkage induced cracking, cracking and damage due to freeze and thaw, etc. 
However, additional research is needed on the durability performance of SHFRCC, 
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Table 1.  Examples of limitation of design crack width shown in codes and standards. 
 
Country Code/Standard Limitation of crack width (mm) 
Japan JSCE Standard [46] 0.005c 
0.004c 
for steel bars 
for prestressing bars  
(c=concrete cover) 




for exterior members  
for interior members 





Dry air or protective membrane 
Humid, moist air, soil 
Deicing chemicals 
Seawater, wetting and drying 
Water retaining structures 




for steel bars 
for prestressing bars 




for steel bars  
 
Norway Det Norske Veritas (1991) 
[46] 
0.4 except splashed part 





Fig. 1: Uni-axial tensile stress-strain response of SHFRCC showing finer, closely spaced cracks 






Fig.2 Typical example of multiple cracking of SHFRCC in tension [7]. 
 
 
    
Fig. 3: Incompatible tensile deformation in R/C (a) vs. compatible tensile deformation in 






Fig. 4 Crack width of RC beam and RC beam with SHFRCC layer under flexural loading 
[21]. 
 






Fig. 6 SHFRCC and steel mesh reinforced mortar water permeability normalised by the 













Fig. 8 Measured chloride ion and carbonation penetration depth in  R/Mortar and 








































(a) Cracks through virgin 
SHFRCC material adjacent to a 
self-healed crack held tight by 
self-healing product [33] 
(b) Formation of new crack path 
through previously self-healed 
crack [33]; 
(c) Image indicating self 




























































Fig. 13 Effect of hot water immersion on (a) frictional bond; (b) chemical bond; and (c) 




Fig. 14  Influence of hot and humid environmental loading on the tensile strain capacity 
of PVA fibre reinforced SHFRCC [41]. 
 
Fig. 15 Reduction of modulus of rupture of SHFRCC reinforced with PVA and glass 








Fig. 16   Crack width and number of cracks in SHFRCC and ordinary mortar/concrete 
ring specimens due to drying shrinkage [22]. 
 
 


























Light weight hybrid HPFRCC (FL1) Light weight hybrid HPFRCC (FL0)
Premix mortar-II Premix mortar-I
 
Fig. 18 Development of cracks in the ring specimens with progress of time in the 
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light weight hybrid HPFRCC (FL1) light weight hybrid HPFRCC (FL0)
Premix Mortar-II Premix Mortar-I
 
Fig. 19 Development of crack width in the ring specimens with progress of time in the 






Fig. 20 Development of crack width on ordinary concrete and SHFRCC over time under 
combined environmental and mechanical loads [40]. 
 
 
 
 
 
 
